tion mixture consisting of glycerol and a fatty acid is stirred in or passed through a reactor containing an enzyme immobilized on a thin film or a solid carrier to carry out the esterification reaction. These continuous methods have the advantage that the enzyme can be repeatedly and safely used for a long time, but have disadvantages in that (i) the contact area for the reac tion is inadequate, (ii) reaction rate is lowered because of loss or lowering of activity at immobilization and (iii) the cost of immobilizing agents is high and the like. Further, when a chemical catalyst is used, esterification proceeds regardless of whether the used fatty acid is of Straight-chained or branched structure, and in a case where there is no need for branched fatty acid mono glycerides, the cost for purification of monoglycerides is high.
Furthermore, even when an enzyme which preferen tially synthesizes monoglycerides is used in batch meth ods or continuous methods, it is impossible at present to Synthesize monoglycerides alone. Thus, no method for continuously and effectively obtaining highly pure monoglycerides has been known,
SUMMARY OF THE INVENTION
The object of the invention is to provide a method for continuous preparation of monoglycerides by which monoglycerides can be inexpensively synthesized at a reaction rate comparable to a batch method using an enzyme and moreover, highly pure monoglycerides can be readily and inexpensively isolated from the reaction mixture.
The present invention has been achieved based on the finding that the above problems can effectively be solved by a method in which there is used a two layer system consisting of a lower layer containing glycerol and lipase and an upper layer containing a fatty acid, an the two layers utilizing an enzymatic action of lipase, the upper layer is taken out continuously and cooled to precipitate the formed monoglycerides, and the remain ing solution containing the unreacted fatty acid and a small amount of di-and triglycerides is continuously brought back to the reaction system.
That is, the present invention provides a method for continuous preparation of highly pure monoglyceride, which comprises the steps of esterifying fatty acid dis solved in a nonpolar solvent at the interface between the nonpolar solvent phase and a polar solvent phase containing glycerol, water and dispersed lipase, the polar phase being located below the nonpolar phase, As the nonpolar solvents used for dissolving the above fatty acids in the invention, there can be men tioned hydrocarbons having 5 or more, preferably 6 to 10 carbon number which, in the esterification reaction, dissolve the above fatty acids and glycerides as the product, but do not dissolve lipase, glycerol and various salts as a stabilizer of lipase and do not inactivate the lipase to be used, for example n-hexane, n-heptane, n Octane, n-decane, cyclohexane, methylcyclohexane, etc.
Though fatty acid used in the reaction can be dis solved in the above nonpolar solvent in an arbitrary amount, the concentration of fatty acid is suitably in the range of 1 to 60 mg/ml, preferably 1 to 30 mg/ml, and, for example, when pentadecanoic acid is esterified, the concentration thereof is preferably maintained at 18 mg/ml or less (in the case of using cyclohexane) or 7 mg/ml or less (n-heptane), taking the precipitation step of the monoglyceride into account.
In the present invention, the reaction system is con posed of the above nonpolar solvent phase as the upper layer and a water-containing glycerin phase containing lipase as the lower layer, and an esterification reaction is carried out at the interface of the two layers. As lipase to be used, there can be mentioned hydro lases derived from thermophilic or mesophilic microor ganisms, for example lipases derived from Mucor miehi, Rhizopus delemar, Penicillium cyclopium and Pseudomo nas fluorescens. Lipase sp 225 (derived from Mucor miehi, 210 unit/mg) manufactured by Novo Industri Co.; and Lipase D-10 (derived from Rhizopus delemar, 275 unit/mg), Lipase G (derived from Penicillium cy clopium, 60 unit/mg) and Lipase P (derived from the genus Pseudomonas 2000 unit/mg) manufactured by -Amano Pharmaceutical Co., Ltd., for example, are commercially available. The concentration of these lipases in water-containing glycerol is arbitrary, but, for example, the concentration is suitably 1 to 50 mg/ml, preferably 2 to 15 mg/ml in the water-containing glyc erol. As the water-containing glycerol used in the in vention, there can be mentioned those containing 2 to 20% w/v, preferably 4 to 10% v?v water.
The esterification reaction in the invention is suitably carried out at a reaction temperature of 20° to 75° C., for example at 20 to 40 C. in the case of using lipase derived from Rhizopus delemar and at 20 to 70° C. in the case of using lipase derived from Pseudomonas fluo rescens. Therefore, though particular methods for heat ing are unnecessary when the reaction is carried out at 5,153,126 3 room temperature, it is suitable to maintain the esterif cation temperature constant using a heating apparatus in order to prevent lowering of temperature owing to circulation of the cooled nonpolar solvent to the esteri fication system. In this regards, the flow rate is prefera bly l to 120 ml/h. Further, since the water amount in the reaction system becomes larger with the progress of the esterification reaction, it is desirable to suitably maintain the reation rate by controlling the water con tent in the glycerol to 2 to 20% w/v using a molecular sieve (for example, 0.3 nm), Further, it is desirable to accelerate the esterification reaction at the interface of the nonpolar solvent phase and the water-containing glycerol phase by stirring using a known stirring method. In this connection, it is desirable to stir with care taken not to disturb the interface too much.
Various salts, complexing agents, particles (inorganic or organic) or the like having a lipase-stabilizing action can be dissolved or dispersed in the water-containing glycerol phase in the present invention.
Since mono-, di-and triglycerides formed by the above esterification reaction are dissolved in the nonpo lar solvent phase in the invention, the nonpolar solvent phase is taken out from the reaction system by a known method and cooled to precipitate the monoglyceride. That is, the monoglyceride is separated out of the non polar solvent phase. The precipitation temperature var ies depending on the fatty acid and nonpolar solvent to be used, the melting point of the product and the desired purity of the product, and is appropriately set. In this connection, it is desirable to cool down the reaction system to the temperature between 4 and 25 C.
Next, the nonpolar solvent after precipitation and removal of monoglyceride is recycled to the reaction system. At this step, it is preferable that the nonpolar phase be circulated continuously via a vial maintained at a tem perature lower than the reaction vessel so as to isolate the monoglyceride by precipitation.
According to the above method, fatty acid mono glyceride of a high purity, for example a purity of 75% or more, preferably 90% or more can be readily pre pared.
Since the enzyme exists in polar glycerol, and does not dissolve in a nonpolar solvent, loss of enzyme by the reaction is extremely low in the present invention. Fur ther, since specificity of monoglyceride formation does not depend on site specificity of the lipase but on the precipitation step for monoglyceride, low-priced non specific enzymes can be used without purification. Fur ther, since the nonpolar solvent and fatty acid circulate in a closed reaction circuit, there is substantially no loss of the fatty acid, which is different from a batch method.
As can be seen from the foregoing, monoglycerides of high purity can be produced continuously and at low cost by the invention. Further, since heat generated from the cooling apparatus can be used for heating of the enzyme reactor, energy costs in the present method are low, and thus the present method is suitable as a method for continuous industrial production of highly pure monoglycerides.
Monoglycerides synthesized in the invention are highly pure, and can widely be used as emulsifiers, food additives, hair-restoring components (such as pentadec ane monoester), etc.
The present invention is further described with refer ence to examples. 
EXAMPLE
A phase consisting of a solution of 330 mg of n-pen tadecanoic acid in 55 ml of n-octane (concentration 6 mg/ml) was formed on a lower layer consisting of a dispersion of 105 mg of lipase (Lipase G manufactured by Amano Pharmaceutical Co., Ltd.) in 7.5 ml of glyc erol containing 4% w/v water and 10 mM CaCl2. Ester ification reaction was carried out at the interface of the two phases with stirring at 50° C. using a magnetic stirrer with care taken not to disturb the interface. The nonpolar solvent phase was circulated at a flow rate of 117 ml/h between the reactor and a crystallizing bottle which was maintained at 4 C., and the precipitated pentadecanoic acid monoglyceride was isolated by or dinary filtration. The water content of the glycerol phase was controlled with a 0.3 nm molecular sieve, and as a result, the lipase kept 60% of the initial activity after the reaction at 50° C. for 40 hours. In the mean time, pentadecanoic acid was further added every 8 hours to maintain its concentration at 6 mg/ml, whereby 1177 mg of pentadecanoic acid monoglyceride having a purity of 95% was obtained.
EXAMPLE 2
Lipase (Lipase G) (150mg) was dispersed in 15 ml of glycerol containing 4% v/v water and 10 mM CaCl2 to form a lower layer, a solution of 240 mg of stearic acid in 80 ml of n-octane (concentration 3 mg/ml) was pro vided thereon as the upper layer, and the two layers were stirred at 50° C. using a magnetic stirrer to carry out an esterification reaction at the interface between the two layers. The nonpolar solvent phase was circu lated at a flow rate of 17 ml/h between the reactor and a crystallizing bottle which was maintained at 20° C., and the precipitated stearic acid monoglyceride was isolated by an ordinary filtration method. As the result of thin layer chromatography and liquid chromatogra phy, it was shown that stearic acid monoglyceride of 96% purity can be synthesized at a rate of 0.5 g/g Lip ase G-hour.
EXAMPLE 3
Lipase (Lipase D10 manufactured by Amano Phar maceutical Co., Ltd.) (60 mg) was dispersed in 15 ml of glycerol containing 8% w/v of 20 mM citrate buffer (pH 5.5) and 100 mM CaCl2 to form a lower layer, a solution of 375 mg of n-pentadecanoic acid in 50 ml of n-hexane (concentration 7.5 mg/ml) was provided thereon as the upper layer, and the two layers were stirred at 40 C. to carry out an esterification reaction at the interface between the two layers. The crystallizing bottle was maintained at 4 C. to obtain pentadecanoic acid monoglyceride. As a result, it was confirmed that pentadecanoic acid of 95% purity was synthesized. EXAMPLE 4 Lipase (Lipase G) (150mg) was dispersed in 15 ml of containing 4% v/v water and 10 mM CaCl2 to form a lower layer, a solution of 480 mg of lauric acid in 80 ml of n-octane (concentration 6 mg/ml) was provided thereon as the upper layer, and the two layers were stirred at 50 C. using a magnetic stirrer to carry out an esterification reaction at the interface between the two layers. The nonpolar solvent phase was circulated at a flow rate of 117 ml/h between the reactor and a crystal lizing bottle which was maintained at O' C., and the 5,153,126 S precipitated lauric acid monoglyceride was isolated by an ordinary filtration method. EXAMPLE 5 Lipase (Lipase D10) (30 mg) was dispersed in 15 ml of glycerol containing 4% v/v water and 10 mM CaCl2 to form a lower layer, a solution of 125 mg of n-pen tadecanoic acid in 25 ml of n-octane (concentration 5 mg/ml) was provided thereon as the upper layer, and the two layers were stirred at 40° C. using a magnetic stirrer to carry out an esterification reaction at the inter face between the two layers. The nonpolar solvent phase was circulated at a flow rate of 117 ml/h between the reactor and a crystallizing bottle which was main tained at 4 C., and the precipitated pentadecanoic acid monoglyceride was isolated by an ordinary filtration method.
EXAMPLE 6
A phase consisting of a solution of 320 mg of n-pen tadecanoic acid in 40 ml of methylcyclohexane (concen tration 8 mg/ml) was formed on a lower layer consist ing of a dispersion of 12 mg of lipase (Lipase p manufac tured by Amano Pharmaceutical Co., Ltd.) in 6 ml of glycerol containing 8% w/v water and 1 mM CaCl2.
Esterification reaction was carried out at the interface of the two phases with stirring at 70° C. using a mag netic stirrer (with care taken not to disturb the inter face.) The nonpolar solvent phase was circulated at a flow rate of 20 ml/h between the reactor and a crystal lizing bottle which was maintained at 18 C., and the precipitated pentadecanoic acid monoglyceride was isolated by ordinary filtration.
In the meantime, pentadecanoic acid was further added to maintain its concentration at 8 mg/ml, whereby 480 mg of pentadecanoic acid monoglyceride having a purity of 95% was obtained after 6.5 hours. EXAMPLE 7 Lipase (Lipase P manufactured by Amano Pharma ceutical Co., Ltd.) (75 mg) was dispersed in 6 ml of glycerol containing 10% w/v water and 1 mM CaCl2 to form a lower layer, a solution of 480 mg of pen tadecanoic acid (consisting of 68% of n-pentadecanoic acid and 32% of isopentadecanoic acid) in 40 ml of methylcyclohexane (concentration 12 mg/ml) was pro vided thereon as the upper layer, and the two layers were stirred with a magnetic stirrer taking care not to disturb the interface of the two layers, thus carrying out an esterification reaction. The nonpolar solvent layer was circulated at a flow rate of 60 ml/h between the reactor and a crystallizing bottle which was maintained at 20° C. to precipitate pentadecanoic acid monoglycer ide, while the concentration of pentadecanoic acid was maintained at 12 mg/ml. Seven hours thereafter, 316.8 mg of pentadecanoic acid monoglyceride of 93% purity was obtained. The content of isopentadecanoic acid in the pentadecanoic acid which was recycled in the reac tion system was increased finally up to 41%. It was found by gas chromatography of the methyl-esterified derivatives of the product that only 0.5% of isopen tadecanoic acid was contained in the product. This reveals that lipase does not selectively catalyze esterifi cation of branched isopentadecanoic acid. glycerol containing 10% w/v water and 1 mM CaCl2 to form a lower layer, a solution of 480 mg of pen tadecanoic acid (consisting of 68% of n-pentadecanoic acid and 32% of isopentadecanoic acid) in 40 ml of n-hexane (concentration 12 mg/ml) was provided thereon as the upper layer, and the two layer were stirred at 50° C. using a magnetic stirrer with care taken not to disturb the interface of the two layers, thus carry ing out an esterification reaction at the interface. The nonpolar solvent phase was circulated at a flow rate of 60 ml/h between the reactor and a crystallizing bottle which was maintained at 20 C. to precipitate pen tadecanoic acid monoglyceride, while the concentra tion of pentadecanoic acid was maintained at 12 mg/ml.
Seven hours thereafter 250 mg of pentadecanoic acid monoglyceride of 95% purity was obtained. Gas chro matographic analysis of a methyl-esterfied derivative of the product revealed that only 0.4% of isopen tadecanoic acid was contained in the product.
COMPARATIVE EXAMPLE
Pentadecanoic acid (consisting of 70% of n-pen tadecanoic acid and 30% of isopentadecanoic acid) (12.1 g) and 13.8g of glycerol were placed in a 50 ml flask, and further 0.2% of zinc oxide was added as a catalyst, followed by stirring with a stirring rod at 200 C. for 5 hours. Components of the product as deter mined by gas chromatography were 56% of monoglyc eride, 32.0% of diglyceride, 1.0% of triglyceride, 10.7% of glycerol and 0.5% of pentadecanoic acid. The prod uct was subjected to molecular distillation 5 times and again subjected to gas chromatographic analysis. As a result the components were 96.4% of monoglyceride, 1.7% of diglyceride, 1.5% of glycerol and 0.4% of pentadecanoic acid. The product was methyl-esterified and composition of n-pentadecanoic acid and isopen tadecanoic acid was determined by gas chromatogra phy to be 70.5:29.5.
